Abstract. Health Care Centres are institutions which, because of their specificity and character, are particularly exposed to various kinds of risk. One of the most important and most frequently used methods of risk management is the black spots method. The research material collected for the study comes from one of the hospitals in Wrocław. All hospital stays of the C22 (Face and Jaw Surgery Ward) and H05 (Injury and Orthopaedics Surgery Ward) settlement groups (DRG) were analysed -a total of 178 hospitalisations. The black spots method was used in the study, which consisted of risk identification, the ordering of threats and proposals for remedial actions. Using the black spots method, it was possible to identify adverse events that occurred during the hospitalisation of patients with H05 and C22 DRGs in the Injury and Orthopaedics Surgery Ward and Facial and Jaw Surgery Ward. In both cases, the treatment costs for patients with complications were higher than for the stays without complications.
Introduction
For medical entities that provide medical services, the option of identifying characteristic risk not only brings with it advantages to the patients and the hospital environment, but also ensures correct operation of the health care entities.
Being able to identify and classify adverse events and series of various faults enables the management to realise how many factors and elements may influence their occurrence.
That is why the basic goal of the black spots method (Domejko et al., 2012) is to gain as complete knowledge as possible regarding the areas of risk that are present -a knowledge which forms a necessary and required part of the process, enabling not only the identification of sources of potential risks, but also indicating those that cause the most damage, and are important for the correct operation of the health care facility, including the safety of the patients.
The literature connected with this topic lacks analysis of complications and adverse events during facial surgery. However, research on traumaorthopedic surgery is available. Our research is based on the works of: Arvidsson S. (1996 ), Friedman R. J. (2013 , Ouchterlony J. (1995) , and Milgrom P. (1975) .
Material and Methods
The research material collected for the study comes from one of the hospitals in Wrocław. All hospital stays with the C22 (Face and Jaw Surgery Ward) and H05 (Injury and Orthopaedics Surgery Ward) settlement group (DRG) were analysed, a total of 178 hospitalisations.
The black spots method was used in the study, which consisted of risk identification, ordering of threats and proposals of remedial actions, such as e.g. monitoring or tightening of procedures. When constructing models, various factors related to the hospital environment were taken into account, such as the procedures performed (in accordance with ICD-9), hospitalization time, number of days with vascular catheter, number of surgical procedures performed during hospitalisation, number of infections, number of bedsores, duration of surgery and critical events that occurred during hospitalization, resulting in death/disability/longer stay and all other complications.
An attempt was made to identify and assess the black spots. Three basic explanatory variables were adopted for the black spots method: the level of risk in a medical category, average costs, and extraordinary costs (concerning complications). These variables resulted naturally from the research goals (analysis of adverse events) and the possibility of obtaining appropriate data in the analysed hospital (cost analysis, expert risk analyses, proposals of remedial and preventive actions).
Cost data collected in the hospital information system was applied for the calculation of direct medical costs. Direct medical costs include the costs of hospitalization (medical procedures, pharmaceuticals, including extracted costs of antibiotics, material costs, costs of anesthetic procedures, and cost of patients' daily stays in the ward).
Results
The analysed data enabled the identification of adverse events that occurred while analysed medical services were being provided, their number, and patients' stay durations associated with the adverse events (Table 1-2). For the C22 group in the Face and Jaw Surgery Ward, the average general hospitalisation time was 4.78 days. The minimum duration of stay was 1 day, the maximum was 33 days, the median was 4 days and the modal value was 3 days. For the H05 group in the Injury and Orthopaedics Surgery Ward, the average general hospitalisation time was 14.35 days. The minimum duration of stay was 10 days, the maximum was 22 days, and the median and modal values were 14 days. It is also odd that even though all admittances are performed in a planned manner, for each case analysed, the day the procedure was performed on was the 4 th or 5 th day of the stay. The reason for this may be insufficient patient preparation, e.g. lack of diagnostics or an improper process to control work flow within the hospital ward.
A person per day cost in the examined wards, as well as the costs of examination, used drugs and materials were also calculated. The average cost of stay was calculated on the basis of hospitalisations with and without complications (Table 3) . For both studied DRG groups, the costs of hospitalisation during which an adverse event occurred were higher than for hospitalisations without complications.
A detailed analysis of costs of individual complications is presented in Tables 4 and 5 . The difference in costs between hospitalisation with a specific complication and hospitalisation without complications was established based on the indicated data. * no data on the use of drugs/antibiotics/materials The next step was an expert assessment, enabling the frequency of occurrence of a complication and risk for the patient resulting from that complication to be established (Tables 6-7 ). The expert team consisted of at least three experts in a given field, who performed the evaluation using a scale of 1 to 5, where 1 meant very little risk/prevalence, and 5 -very great risk/high prevalence.
With the use of the data presented above, an attempt has been made to identify and assess black spots. The adoption of the three basic predictor variables in the method of black spots, i.e. risk level in medical category, average costs, and extraordinary costs (related to complications), resulted naturally from the research aims (analysis of adverse effects) and from the possibility of obtaining relevant data in the analysed hospital (cost analysis, expert risk analyses, and proportions of corrective and preventive measures). The model was proposed based on research spanning a few years and conducted by a team led by prof. Michał Marczak. The following procedure was adopted (a 3-level procedure), which made it possible to determine critical places that could simultaneously pose considerable risk to patients (Figure 1 
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Simultaneously, for the needs of the study, the aforementioned formula of (W1=a1X1ˆα1+a2X2ˆα2+X3) was used on the third level of the model (Figure 1) , which takes into consideration many elements, such as:
X1 -ordinary cost X2 -cost of complication * frequency X3 -expert assessment Indexes used in the formula are as follows:
for H05: a1 = 0.0126 a2 = 0.00061 α1 = 0.43973 α2 = 1.44631
for C22: a1 = 0.0124 a2 = 0.00056 α1 = 0.43897 α2 = 1.44659 Information obtained based on the model and formula presented above made it possible to determine "black spots", simultaneously taking into account three proposed hierarchic levels (Table 8) . 
Conclusions
Responding to the issue of risk management in the health care system was dictated by the results of observations concerning phenomena occurring in the health care system that result in the instability of its subjects/elements/components. According to the authors of the project, the most important phenomenon is the lack of effectiveness of adopted risk management programmes (concerning systemic solutions as well as individual subjects of the system). This ineffectiveness has many causes, including the lack of formalized programmes of risk management (e.g. identification, segregation, hierarchization, assessment, neutralization and control), lack of teams carrying out such programmes, and limiting risk management to neutralizing consequences of those risk components that have already revealed themselves (mainly through insurance protection) instead of undertaking activities to prevent them. Even the most well-constructed and prepared insurance programme (consisting mainly of purchasing insurance, which is a completely passive strategy and also one of the least effective, in terms of economics at least) cannot be a remedy for all identified hazards (Sierocka et al., 2011) .
Using the black spots method, it was possible to identify adverse events that have occurred during the hospitalisation of patients with H05 and C22 DRGs in the Injury and Orthopaedics Surgery Ward and Facial and Jaw Surgery Ward. In both cases, the treatment costs for patients with complications were higher than for the stays without complications. Similar tendencies are visible in other studies conducted previously by Professor Marczak's team (Domejko J., 2012; Marczak M, 2008; Sierocka A., 2007; Staszewska A., 2012) .
The lack of a detailed list of procedures for which complications occurred makes it difficult to compare our results with other studies. In the future, the results of our research in the field of orthopedic surgery trauma will be compared with those of the American College of Surgeons (ACS) National Surgical Quality Improvement Program (NSQIP) (Molina CS, 2014) . When comparing our results with those given by the American College of Surgeons (ACS) National Surgical Quality Improvement Program (NSQIP), excluding cannula obstruction and elevated temperature, our rate of complications was 7 to 83, determined by all analyzed cases, which gives the percentage of complications of 8.43%. This value is much higher than that given by Molina et al. (2014) -i.e. 5 .27% among the 30 most commonly performed orthopedic procedures, or 3.66% of all procedures. The percentage of complications in "urinary tract infections", as observed by Molina et al. (2014) , is 1.5% among the 30 most commonly performed orthopedic procedures, or 1.04% of all procedures. We received a value of 1.2% for this type of complication. The differences in the observed percentage may have resulted from different methods of performing procedures, a small number of cases analysed and the fact that in our study data was collected from only one hospital. We believe that with greater numbers of analysed cases, more hospitals participating in studies like ours and the growing awareness of this issue among medical personnel, the percentage of reported adverse events/complications will decrease. A study in Sweden of medical records of 395 orthopedic patients reported adverse events in 16% of patients (Unbeck M, 2008) , which differs slightly from our result of 19.27 (16 cases per
